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Na área da imagiologia é frequentemente necessário decompor as imagens ou
volumes nos seus diversos componentes estruturais, isto é, há necessidade de 
"segmentar" as imagens. Existe hoje um amplo leque de técnicas de
segmentação de imagens, proporcionando níveis de desempenho e eficácia
contextualmente variáveis. O objectivo geral deste trabalho é a exploração das
potencialidades das técnicas de segmentação aplicada ao estudo da produção
da fala no Português Europeu. 
 
Através da segmentação de imagens e volumes de Ressonância Magnética
duma das principais estruturas anatómicas relacionadas com a produção da
fala, o tracto vocal, pretendeu-se alcançar o objectivo especifico de 
proporcionar novas informações de teor morfo-funcional no conhecimento dos 
mecanismos de produção do Português Europeu. 
 
A investigação encontra-se inserida num projecto mais amplo e pluridisciplinar 
denominado HERON, cujo objectivo é a criação dum programa de síntese
articulatória para o Português Europeu. 
 
Após a aquisição de imagens 2D e 3D do tracto vocal de dois falantes, foram
seleccionadas uma série de técnicas de segmentação a aplicar,
nomeadamente Region Growing, Live Wire, Level Sets, e Reaction Diffusion
Active Contours, tendo-se avaliado as vantagens e desvantagens de cada 
método consoante a natureza dos dados imagiológicos e o objectivo específico
da segmentação. 
 
O método Region Growing provou ser eficaz no caso mais simples da 
segmentação 2D mas em contextos 3D foi  necessário recorrer a métodos 
mais elaborados como os Level Sets. Foi ainda proposta uma estratégia
inovadora de segmentação semi-automática "2.5D" baseada em reformatação
multi-planar ao longo do eixo longitudinal do tracto vocal seguida da aplicação
de algoritmos Live Wire ou Level Sets. Esta metodologia provou viabilizar as 
aquisições de Ressonância Magnética puramente 3D para os estudos






























The main objective of the segmentation techniques is the partition of images or
volumes in its structural components. Although its use is of basic importance in 
the image processing field, the effectiveness and homogeneity of the
segmentation techniques still represent a problem in the area of applied
engineering whose mathematical solution is yet to be found.  
 
This work focuses on the segmentation of Magnetic Resonance images and
volumes of some anatomical structures related with speech production,
namely, the vocal tract. Through the segmentation we were able to gather new
morph-functional information on the European Portuguese production. 
 
This investigation is part of a broad project, named HERON, whose objective is
the development of a speech synthesizer for European Portuguese. 
 
After the comparative analysis of an extensive set of segmentation methods,
the ones that were more adequate for our application were chosen. The
implemented techniques were: Region Growing; Live Wire; Level Sets; and
Reaction Diffusion Active contours. The advantages and disadvantages of each
method were also evaluated. 
 
Region Growing proved capable of segmenting the 2D images. For 3D 
information, the use of more complex methodologies, such as Level Sets, was
necessary. A new "2.5D" segmentation strategy was also proposed, based on
multi-planar reformatting through the longitudinal axes of the vocal tract, 
followed by the application of 2D segmentation algorithms as Live Wire and
Level Sets. This methodology enabled the 3D Magnetic Resonance
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γ1 I(x + 1, y)
γ2 I(x− 1, y)
γ3 I(x, y + 1)
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NWXKQ\1eIOTZ[1\jLWXYiSf\1NQP"e ­ aHHSþd  kH9­²aHHSþ  H9­²¥HSþ  E9­QF¥Hjþd 
k1° KWUIi ~0[1\ ~0[1\.p ~0[1\ ~0[1\
X®XYUILW\HKfi~T\rhYUI¢7\HK ~0[1\ ~0[1\ ~0[1\ KMUIi ~0[1\I"KMUIirq
P"NMLWX®P1hYLW\HK~0P"LMO#NQP"UVK KMUIi¡f\HKMUVZ[1\ P9XhYLQP KWUIi KMUIi P9$XhYLQP
R#X`KMO#f#UI~0P1Z[1\E£
NMO#{VR#\uP1h5T KMLMUVh\ P"eILW\ g0P"U6#\ P1hXYUILQ³¢7XYe g0P"U6#\ P1hXYUILQ³¢7XYe
ij\¢rUIijXY~ELW\HK NWXKMLMNMUILW\HK NWXKMLMNMUILW\HK NWXKMLMNMUILW\HK eIUI¢*NWXK eIUI¢rNWXK
RTPhP"gXZP
f\1NMLQ³"LMUIe ~0[1\ ~0[1\ KWUIi ~0[1\ ~0[1\















ßŁ#UVR8NW\17Y~#UV\ \³"LW\1ij\ R#XXKMLMNMO#LMO#NQPÅiuP"UVKÖKMUIiSf#eVXK]ff^XY~*LMNQP"~TR#\ f\1NëUVKWKW\ ~0PÅh\1iSf\HKWUVZ[1\ R#X
UI~T#ijXYNW\HKh\1iSf\HKMLW\HK]ffÝXY~ELMNWX±\HKEO0P"UVK;P ³"HO0P8GññXYeVXY¢HP1RTPh\1~ThXY~*LMNQP1Z[1\ÑR#XÅ³"HO0P~T\h\1NMf\
ŁEO#iuP"~T\ff#LWXYi h\1ij\SR8UINWXhYLQPÝh\1~TKWX*OTY~ThYUPSP_f#NWXY¢HP"eVY~ThYUPR#XŁ#UVR8NW\17Y~#UV\ÝP1hX^PÝ\1O#LMNW\HKfiXYeVXYijXY~ELW\HK4G
























































}UIHO#NQP a8Gb~±}#O#~ThYUV\1~0P"ijXY~ELW\ RTPªNWXKWKW\1~0"~ThYUPÅiuP"H~TYLMUVhP~´¡P7£6f#NWXhXKWKQ[1\ RTPªiuP"H~TXYLMUI 4P1Z[1\















Mz → Mtot £!X¦NWXYePá#P"ijXY~*LW\
LMNQP"~TKM¢7XYNWKQP"e`¡























































































• æ ê¢ ê!XYiSf\ffR#Xjæp~*¢7XYNWKQ[1\Û¡PÖKMUIHePË¢7XYi R#\ÖUI~#HeVKÝÌ¤ÃTÉ1¹®¸Qº®Â$»HÃ ¶!Â¿u¹W£_æ²~ELWXYNM¢HP"eV\ÖR#XSLWXYiSf\
XY~*LMNWX_\f#O#eVKW\uR#XSFHI£`X`\f#O#eVKW\jR#X`¬HI£Kff#}UIHO#NQPja8GIFa
}!UIHO#NQPua8GIFa~(cXYf#NWXKWXY~*LQP1Z[1\jHNQ³9¨0hPSR#\Sh\1~ThXYUILW\6R#X`æ ê^G#fiRTP"f#LQP1R#\uR#Xj¡$â¦eIUI~¹&ffaHH"*£®G














• ©æ²~ELWXYNM¢HP"eV\ XY~ELMNWXh\1NMLWXKª¡P±KMUIHePª¢7XYi R#\±UI~#HeVK;Ï¼ ÂÐQ¹ÅÄÔ®ã#£ÅJ(KMf0P1ZP"ijXY~*LW\ XY~ELMNWX
P"LMUP1K]ffT}UIHO#NQPja8GIF¥
}UIHO#NQPja8GIF¥~(cXYf#NWXKQXY~ELQP1Z[1\jHNQ³9¨0hPjR#\jh\1~ThXYUILW\uR#X_G#fiRTP"f#LQP1R#\6R#Xu¡$â¦eIUI~¹&ffTaHH"*£®G




• â<; äeP"NMHO#NQPR#XËg0P"~TRTP ¡PKMUIHePq¢7XYiÓR#\UI~#HeVKA=dÔ1Ã½´ÊËÂ$½HÍ·H£.µ!P"NMHO#NQP;R#XËg0P"~TRTP;R#\













• êfic´eV\1~#7\SNWXR8O# _\jX®XYUILW\SR#X T1 
• êfic hYO#NMLW\uP"O#ijXY~ELQPu\jh\1~ELMNQP1KMLWX_R#XY¢*UVR#\uP T1 








• rX`êfic X^êfiJ KQ[1\ShYO#NMLW\HKlff0PÝf\1~TR#XYNQP1Z[1\6^XYi T1 
• rX`êfic X^êfiJ KQ[1\eV\1~#7\HKlff0PÝf\1~TR#XYNQP1Z[1\6^XYi T2 
• rXêficÅ¡i_O#UILW\E£6eV\1~#7\ÅXêfiJ Å¡i_O#UILW\E£.hYO#NMLW\ffdf\1~TR#XYNQP1Z[1\ ffXYi DP ¡$R#XY~TKMUVRTP1R#X;R#X
f#NW\1LW§rXK¤£®G
x¦\1~TKMUVR#XYNQP9­pKWX]P"7\1NQPò\1f\1NMLMO#~T\òUI~ELMNW\rR8O# UIN P	X8f#NWXKWKQ[1\ 7XYNQP"eÖR#\ KMUI~0P"eÖR#X NWXKQKW\1~0"~ThYUP }Bæ °
¡$þP1KMŁTXYiSU,XYLP"eGff=F¬H¬7|H£





























ßHNQP1R8UVXY~ELWXR#XKWXYeVXhZ[1\ÅR#\ h\1NMLWX ¡$*OTX;X8hYUILQPªO#iuP R#XYLWXYNMiSUI~0P1RTPÅNWXYHU[1\ XKMf0P1hYUP"e2£Ëf\rR#X;KWXYN
































~µ → ~M RTP1RTPªfXYeP±Xrf\HKMUVZ[1\±R#\Å\1g8ýÆXhYLW\ P1\ÅhP"iSf\
B0
ff ~M → ~Mxy jXYUILQPqP"LMNQP¢7KSR#X.X8hYUILQP1Z§rXKc}hff ~Mxy → S(t) 6g0P1KWXP1R#\ff~0PoeVXYUzR#XuUI~TR8OTZ[1\
R#X±}0P"NQP1RTPeKff
S(t) → S(~k) XY~E¢7\1eI¢7X \ OTKW\ R#X±HNQP1R8UVXY~ELWXKiuP"H~TYLMUVh\HKR#Xª\1NMiuP P h\rR8U¨0hP"N
P UI~8\1NMiuP1Z[1\]XKMf0P1hYUP"eu~0P1KNWXKMf\HKWLQP1KR#X O#i KMUVKMLWXYiuP´R#X ºãÂ2Ã#ºP"LMNQP¢7KªR#X X#hYUILQP1Z§rXKÛcd}<ff
¨T~0P"eIijXY~ELWX ff












diuP KQXEOTY~ThYUP]R#X f#O#eVKW\HKÅ O#i h\1~1ý O#~*LW\	f#NW®­pR#X®¨T~#UVR#\ R#X P"f#eIUVhP1Z[1\òR#Xf#O#eVKQ\HKÅc} X R#X
HNQP1R8UVXY~ELWXKlff=NWXYfXYLMUVR#\ëO#iÞR#XYLWXYNMiSUI~0P1R#\o~T#ijXYNW\ÖR#X¢7XY XK]ff>R8O#NQP"~ELWX.P.P1*O#UVKMUVZ[1\ëRTP1KUIiuP"7XY~TKGjß
LWXYiSf\jXY~ELMNWX`\HKf#O#eVKW\HK]ffTPjP"iSf#eIUILMOTR#X ffX`Py$\1NMiuPSR#\HNQP1R8UVXY~*LWXyh\1~*LMNW\1eP"iä\SKMUI~0P"e!c¡ff8P9XhYLQP"~TR#\













































f\*R#XYi KWXYNof#NWXXY~ThWŁ#UVRTP1K¢H³"NMUP1KoeIUI~#Ł0P1KqR#\ XKWf0P1Z\è ¡$\1O]XKMf0P1Z\ R#X}T\1O#NMUVXYN¤£of\1Nffê,XYiSf\R#X
cXYfXYLMUVZ[1\¡$êfic£ffuXY~ThYO#NMLQP"~TR#\ \òê,XYiSf\ R#X fi*O#UVKMUVZ[1\¡$ê,^£®G6ß ~T#ijXYNW\ R#X Xh\HK f\1N êfic
R#XKMUIH~0P9­pKWX.f\1NY?Ð®·r» ¶T¸ÆÔHÂ2ÃÛÈ!¹®Ã*Á"·*Í^¡$J(êfiµ£_\1O Í$Ør¸eQM»E=Ô7ÐÍ»1¸.¡$â¦NW\]³fi~ÅXërXYijXYe¹1P~ffaHHHk~(xzP"NMNW\1eIe






























































ÓKWX*OTY~ThYUPk1° çæ âzJäÛO#iuP KWXEOTY~ThYUP}Bµ=^rþ ¡E=Ô"ºYÍÈ,»1ÇÜÙdÃ*Á1¼V¹ÏT·r»HÍ£oXYiì¢7\1eIO#ijXHG
KWXEOTY~ThYUPu}Bµ=rþò_O#iuPjKWX*OTY~ThYUP6J





















Ł#UVR8NW\17Y~#UV\y~T\HKR#XY~ELWXK&P" h\1iå*OTXXKMLWXK~0[1\_KWX ýWP"i ¢rUVKM{I¢7XYUVK~0P1K(UIiuP"7XY~TK¦R#XcªGH R#XYeIUIiSUILQP1Z[1\
R#\ffLMNQP1hYLW\ff¢7\rhP"effB~0P1KSP1EO#UVKWUVZ§*XK\1~TR#XËPof#NW\rR8OTZ[1\R#\HK_\1~TXYiuP1KjXYUILQPffh\1i PÖg\rhPqP"gXYNMLQP~ff
O#iuP6\1O#LMNQP6R8U¨0hYO#eVRTP1R#X fff\1UVK\6h\1~*LW\1NM~T\ËLWXYiäLWXY~TR#Y~ThYUPËPuf0P"NQP"N~T\ueIUIiSUILWXRTPuUIiuP"7XYi^ff>EO0P"~TR#\











































































































ïÔjÓVÔ´Õ Æ$ä)å´ÞÇ ÞÝ àë~ìÙÈéµÙÈÝ ãKàkß#Ý ÙÈÛÙVß~àå








































0 . . . 0 1 1 0 . . . 0
0 . . . 0 1 1 0 . . . 0





























































I(x, y) = mediana(I(x− k, y − l)) ¡k8Gba7£
\1~TR#X




















I(x, y, t) = div(d(x, y, t)∇I(x, y, t)) ¡k8Gbk7£
\1~TR#X
(x, y)













HNQP1R8UVXY~ELWX ∇I GÝx¦\1~ELMNQP"NMUP"ijXY~*LWX ffBhP1KW\ëPËR8UOTKQ[1\6\HKWKWXyUIHO0P"e(XYiÞLW\*R#\HK^\HKf\1~ELW\HK^RTP.UIiuP"7XYi^ff,\
f#NW\*hXKWKQ\SKWXYNMUPSR#XY~T\1iSUI~0P1R#\jUVKQ\1LMN1f#UVh\Ö¡ç(\*hYU!XYLP"eGff0aHH"*£®G
!XYNW\1~0PuX^qP"eIU¹;¡ÆF¬H¬H7£¦f#NW\1f§*XYi f0P"NQPjPy$O#~TZ[1\jR#X^R8U$OTKQ[1\jPX8f#NWXKWKQ[1\SRTP1RTPfXYePJ(*O0P1Z[1\uk8G 





d(x, y, t) =
1




















d(x, y, t) = 1
ff1\1g#LMYi­pKQX&\¨TeILMNW\dR#Xh^P"OTKWKMUP"~0P~ff1*OTX ff"P"fXKQP"N!R#X&KWXYN
























































\1~TR#X |.| R#XY~T\1LQP;\;¢HP"eV\1N6P"gTKW\1eIO#LW\#G d ëhP"eVhYO#eP1R#\ÛXYi hP1RTPUILWXYNQP1Z[1\XffPUIiuP"7XYi ohP"eVhYO#eP1RTP
¡LQP"i_gYiäXYihP1RTPUILWXYNQP1Z[1\E£KWXYHO#~TR#\ff












































































































UI~ELWXYNM¢7XY~TZ[1\ R#\ O#LMUIeIUI 4P1R#\1N~0P KMO0P UI~#UVhYUP"eIUI 4P1Z[1\ X~0PR#X®¨T~#UVZ[1\ R#XªP"eIHO#~TKqf0P"NQ"ijXYLMNW\HKÖ¨#\HKG






















I(x, y) > nivel
0
KWX






























ïÔXÔ ÆäÝ ä)ßë~ìÙÏéXä¡àãKä)ñáÝ àkñ
ßKijYLW\*R#\HK;R#XªR#XYLWXhZ[1\ÑR#X±P"NWXKMLQP1K;R#XYLWXYNMiSUI~0P"i PeV\*hP"eIUI 4P1Z[1\ R#XÅP"NWXKMLQP1K~*O#iuP UIiuP"7XYioG





































G ∗ I = 0 ¡k8GIF¬7£
































































































h\1iì\ NQP"LW\ffÝX\ f\1~ELW\ LMNQP"~TKÆ$\1NMiuP1R#\ ~*O#iuP ~T\4¢1PKWXYijXY~ELWXHGñß h\1~ELW\1NM~T\ LW\1NM~0P9­pKWXªXY~ELQ[1\
f0P"NMLWX±R#\ eIUIiSUILWXÅR#\ \1g8ýMXhYLW\#G rXY~TR#\ÑP1KWKWUIi^ffy\ h\1~ELW\1NM~T\ ¨T~0P"eSq1f#LMUIij\ f\1Nff \1~0P1K ¡UVKMLW\  ff
1f#LMUIij\ëXY~ELMNWXSKQXYijXY~ELWXK`XKWh\1eIŁ#UVRTP1KfXYeV\.O#LMUIeIUI 4P1R#\1N¤£¡$µ>UP"~#oXYL`P"eGff=aHHH¥7£®G_J(KWLWXyijYLW\rR#\ËXY~ELQ[1\
P"f#NW\1f#NMUP1R#\^f0P"NQP^PKWXYHijXY~*LQP1Z[1\`R#XzUIiuP"7XY~TK~0[1\ŁT\1ij\17Y~TXP1Kd¡$qhæp~TXYNM~TX5ÝXfiê,XYNM \1f\1O#eV\HK]ff7aHHH7£®G

















































































































∣∣∣∣2 ds + β ∫ 1
0
∣∣∣∣∂2C(s)∂s2

















\1~TR#X |∇I(C(s))| iu³árUIij\#Gux¦\1ŁTXY~ÛXux¦\1ŁTXY~ ¡ÆF¬H¬Hk7£^P1h\1~TKWXYeIŁ0P"iP.eVXYUILMO#NQPëR#Xo¡$}#O0PoXSµ=XhYeVXYNWh ff














































































































































































RTPÅNWXYHU[1\#G \ XY~*LQP"~ELW\ffyf0P"NQP *OTXKWX\1g#LWXY~#Ł0P"i NWXKWO#eILQP1R#\HK1f#LMUIij\HK]ffy;~TXhXKWKQ³"NMUV\ XKWh\1eIŁTXYN
O#iuPff$O#~TZ[1\R#XË¢7XYeV\*hYUVRTP1R#XffP"f#NW\1f#NMUP1RTPf0P"NQPP;P"f#eIUVhP1Z[1\XYiÓ*OTXKMLQ[1\ ¡$µ=X®\1Ł#~ XYLuP"eGff(aHHHk"g£®G

















































































































































1 + |∇Gσ ∗ I|
¡k8G E7£


















w = ∇(∇φ/|∇φ|) dh\1~TKMLQP"~ELWX ffriuP1K&~TXhXKWKMUILQPyR#XKWXYNzP9ý OTKMLQP1R#\yR#Xij\rR#\yP_EOTXP`KMO#fXYNÆ{VhYUVX
XYi XY¢7\1eIOTZ[1\`KWXfiP9ýÆOTKMLWXJdNWXYHU[1\`PKWXYHijXY~ELQP"NKQXYi	*OTXzKWX ýWPP"LMNQP"{VRTPfXYeV\NMO#{VR#\~T\1NMiuP"eIijXY~ELWX















αT < α < 1
−1, KQX α ≤ αT
¡k8G E¥7£
\1~TR#X


















































x&UV\"$\1eV\ªXYLËP"eG¡aHH"*£fff#NW\1f§rXYi O#iuPªP"f#NW\e8UIiuP1Z[1\ªLQP"i_gYi g0P1KQXP1RTP~0PJ(*O0P1Z[1\±k8G Ea~ffiuP1K
\1~TR#X
h(I)







h(I) = −gf (PT ,∇I) ffT\1~TR#X
gf (PT ,∇I) = g(f(PT ,∇I)) ¡k8G *|H£
PT














ffâ ∇I MBs MBs Bs Bs Ms
â ∇I MBs Bs Ms Ms As
 ∇I Bs Ms Ms As MAs
 ∇I Ms As As MAs MAs
q ∇I As MAs MAs MAs MAs







g(I) < U−I2 + L






(g(I) − L)(1− k),
KWX
g(I) < U−I2 + L
































































































































P"f#eIUVhP"g#UIeIUVRTP1R#X7XYNQP"eRTPjÃÔH¸¤¸M»1Ç QMÔHÃ½¡$P"NQP"HUV\HKfiX°XYNMUVhWŁTX ff#aHHH7£®G(cXhXY~*LWXYijXY~ELWX ffx&ŁT\1f#f;¡aHH7|H£
f#NW\1f	HKO#iuPuij\rR8U¨0hP1Z[1\oP1\ 2YÔ1º®Ífi¿jÔ1¸MÐ®·EÂÃ*Áë¿u¹YÍ·8»½ ff>*OTXyfXYNMiSUILWXjPuNWXKW\1eIOTZ[1\ëR#XÝO#iuPËXEO0P1Z[1\
R#X¦þP"iSUIeILW\1~8­lEP1h\1g#UXKMLQ³"LMUVhP~ffHKWXYiòPNWXKMLMNMUVZ[1\R#X&ij\1~T\1LW\*hYUVRTP1R#XzUIiSf\HKMLQPfi$O#~TZ[1\R#X¢7XYeV\rhYUVRTP1R#XHG
 XKMLWXÅLMNQP"g0P"eIŁT\´\1f#LW\1O8­pKQX f\1NO#iuP UIiSf#eVXYijXY~*LQP1Z[1\]*OTX h\1~1ýÆO#EP1KWKWX P NQP"f#UVR#XY R#X X#XhYOTZ[1\



















Lout = {x : φ(x) > 0 X ∃y ∈ N(x) LQP"e!EOTX φ(y) < 0} ¡k8Gb"*£








y ∈ D :
K∑
k=1
|yk − xk| = 1
}











−1, KQX x ∈ Lin


































x ∈ Lin n²jï7E 

f0P"NQPSLW\*R#\HK\HK














x ∈ Lout n²jï7E 

f0P"NQPSLW\*R#\HK\HK

































x ∈ Lout hP"eVhYO#eVX G⊗ φ(x) npjï7* 







x ∈ Lin n²jï7E 

f0P"NQPSLW\*R#\HK\HK









x ∈ Lin hP"eVhYO#eVX G⊗ φ(x) npjïEE 







x ∈ Lout n²jï7E 

f0P"NQPSLW\*R#\HK\HK







































































































F (x) ≤ 0 ∀x ∈ Lout





























































ïÔXÔ çQØLü=úéÚ«ë é fiff^Ù=éÚ«ëffiflü=úéõêØ ¡Ú«ë)úaÚffL×WÙ
cXY~TR#\1~oXYLP"eG=¡aHHH¥7£&UI~TKMf#UINQP"NQP"i­pKWX^~T\HKzij\rR#XYeV\HKfiR#X^h\1~ELW\1NM~T\HKP1hYLMUI¢7\HK_¡rXhZ[1\jk8G TGÒ|H£ff8~T\uÈ,¹YÉ"¹®¼
Ï¹YÍº_¡rXhZ[1\6k8G TGÒ|H£ffX`~*O#iä\1O#LMNW\6ijYLW\*R#\uf#NW\1f\HKMLW\uf\1NffXYNMNMUIiuP"~qXYLP"eG¡ÆF¬H¬Ha7£®GJ dXKMLWX`O#eILMUIij\
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φ (x, y) =






(|γ1 − γ2|+ |γ3 − γ4|) +
det
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γ1 = I(x + 1, y)
ff






det = −1 ffPjX*O0P1Z[1\











α = 0, 5
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IP = 0, 5
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(x− i)2 + (y − j)2, KWX (x, y) ∈ Ω1
mini,j∈C
√





























|η1 − η2 − pi|
pi
¡k8Gb¥H7£




















Γ1(x, y) ∈ [0, 1] X^`R#XYNMUI¢HP1R#\uPÝf0P"NMLMUINR#X D1
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TR = 3, 56
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